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SPECIFICATION 



Cross Reference of Related Application 
The present ap plioatfon ^ ^ 

— . - .needed herein oy reference In its ^ZT^s^ ' ? ' ^ 
Technical field 

The present invention relates to a n 

^^^^uaemereorinCl^L * "* - 

Background Art 

W 0 0a632 61 discloses external electron do™, 

polymerization, I.e. silicon compounds h a2 C ° mP ° m * S ,n otefl " 

^inaandbareimegerfromoToTclstZrf " ""^'WX 
*" - R" are independent cTtT" V ' andthe -™°'^is4, 
heteroatom. The preferred J thosTstot,' T *' W ** h ° P " Bn ^ 
l-s, one of R" and R' 2 are J^CZTT 'T* " " <■ * 0 b 2 . at 
alkylene. cycloalKy, and aryl, having ffcTat ,0 ? ^ ^^"^ alk " •»«"*. 
heteroatom, and R« te ^" 8 . £ 10 ^ — and containing optional* 

It is noted that when c is 1 

R".R»> W are not deemed ^Zj^T ^ ** 
-t r-mhydrocaroylsllyloxy-ather corr^rT ^ «~ - P*r 

^pounds in olefin polymery T*, " ^ ** 0n d °"°' 

r-tntrydrocarbylsilyioxy^er or -silicon ethTcL 7 SU ' PriSin9,y ,0und «* 
— a* externa, ..ectron Zor „ ^* 90od ""P**- when 

f^^^Vtotymethy^Why*^ silyl)o ^"* ' n otefin Po'ymerteafion. 

^^oc^^^,^^ 0 ^^^ compounds and 

V^ihydrocarbylsiiytoxy^er „ s ll00n ™ „ C ° mp0lwte are specifio 

** COmp0unds ' « hitherto, no li terature 
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reporting them as we/, as the preparation thereof was found. 
Description the invention 

In one aspect, the present invention provides a si/icon ^ 

formula (I): PrOVK3es a s " ,con etf ^r compound having genera! 



R 




1^ 

1% 



<VC M aralM, and two or m0 re R g 21 s ^° be T^' ^ "* — » - 

more saturated or unsaturated ZZ a Z T r "* *** '° form °"° <* 

^^^p^^itr^itr; t are op,iona,,y 

S^IS ^ — «~ ■ - ~ - represented by 
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wh rein, R t -R 10 groups and A hav» m 

C-C cycioeiM. C ^ aryl , CVC^' ^°l n ' '"^ " n8ar W «»»*«< alkyl 
-*» *°m, R.-R3, whicn may b^St^ aralk1 "- A repre seje 

represent hydrogen, many,. ^ „JL , "*"* * itte ™*' pr different, 
**. and R' are nydrogen . ^ -H^ or pheny,, ^ 

«<M * rs metny, or tart^l and ^ ^ * « *> are 

represents silicon atom, R,-!^, which mey be identical or cffl* Mr ° 9en - * 
n-Propy,, iso^,, or phe^r^el, o rert ' rePrSSent eth » 

^ ^ -~ — to - ~ -enffon inc.de, but 
9-methoxymethyl-^ (rinielny|si|y| 

^o^^^ M ^^'»^^uorene, 

^oxymeffv,.^^^ 
^oxy^ h y,^ iphen ^ ^ 

93^ mW(WeWsily, ^™uo^nr' 
wr Wmemy '^ MP ^ Sll ^^«oTne 
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S.S-b.satnmelhyrsllyDoxymethyDfluorene 
S.^istttriethylsnyDoxymethyDfiuorena ' 

9.9*is«iriphenyl3llyl)o ) q m ethyl)f|u 0 rene 
^isrtethywimelhyi^o^,^^^ 

9,^s((a in ,emy1^opy1. 8ily | )o)VTOthy|)flu(wn ; 

S.^me.hy.^ny.e^^ 
^^emy^henyM^^^ 

^ UOro - 9 ' 9 * is « ,rie ^ily')oxy™.hyl)fl U or ene 

2-fl«oro-9,« is((e ^ ime(hw methyhfluorene 
^ U oro.9, 9 . bis((anre ^^ ^ ^ 

oZ " ^ d ' TO%, - phen >'' e,h >' | - s «yl)°'O m eth y .)fl uorene 
^^^'^^enyl^,^^,^^ 

^~~ s ~^~^ " »— - *r the prepay * th 
reacting a 3^^''* «" Wng a Nation step o, 

a <° fbrn, correspond,'^ 7*2 1 ' •» Presen ~ * 

The silylation reaction can be carried cut • 

halohydrocamona, hydrocarbons, ethers and JL *" *>"* K insn «**<. such as 
-etude. M are not llmited ^,^1™, " * "» SU,tabte •*« 
cyctohexane, pet rol9um ethe , di ^ ^ 7 ' ^ '° IUene ' n " h ^ 
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The (nhydrocart^Maina agent can be select 1rom „ 
Wiydroeart^ny,^ and hexahydrocarbyl tfs^ne k 9P0Up oon **» * 

d^myi-pnenyiethyMiy, chlohde, and hexameS, disi,a^ h ^ ny,Si ' y, ^ 

3"0h amounts mm. for me preparafcn of v 1 " matena ' S M Preferab * at 

- 1 : 1-2 : 1-2, and for the pll n ^ * W ! b3Se * in 
compounds, molar ratio of 1 3-propanXT '.^'^hydrocby^^o^ 
•he range of 1 ; 2-5 : 2 . 5 . The^esTa, 7 . : base's in 

reason include inorganic base, for exaZ , 

Na,C0 3 , NH, and organic baT^ I , K ° H ' NaH ' «*, 

^memyiamir^yn^ Wd^^r^l^ py^ 

charged at such amounts that for the »T T ^ ma ' er ' alS *» •"•«"«•* 
compounds, molar of W^si,^,^ 

disilazane is in the range TT 7Z7 """^ ' *~**>«t* 
1.3-bls<trihydrocarbylsily,oxy)p rap ane compound* J"" ** ** <* 
impound .haxahydrocerbyidisiia.ane is i^^e ZZ„T " 1 ' 3 ™°' 

zr: ssr* » - — * - — » - 

W^^^JT. '"a ^ ^ ** 
2-Fiu OTO - 9 , 9 . bis(hyd ■ 1967 , 2 , , 

Ch «- « by inesamTmeZ, **""*"•» (see 

one embodiment of 
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included in the compounds of general form,.., ,» 

9^roca* y ,^ methy ,^ y and then reacting ^ re8u(tam 

tnhydrocarbylsilylating agent Specifically compound with 

(a) montJLLZ, ' 1 ""T" ** * 

9.9*/ S (hydro X ym e thyl) fluore n e , felnonM J rffiM 9 ^' S 1 . """P 0 ""* <*> diol, 

S ' SUCh as « be ^ne, and toluene, can b 

wherein the base used can be hvdridec 

aa* me*,, for ^ NaH Tr** ■* "~ - — 

•he like, among them , NaH „ NaQH * °<OHk Narfco,). .yco,,. and 

'"to the readion after ^ ^l^t' " *—* 

wherein the molar ratio of i h » k ' haloa,kane and solvent. 

P-ferably tt*t andwheretn re^~l° T * ^ * 

reacon pressure is atmospheric presso ' ar T " fram to 1»TJ. 

^ TO P^re, and react,on time is in the range from,, 0 48 

( b ) silylation of the 
^arocart^oxymethyl-g^d roJ^TL eC " P0Un * m ° n09thef «"*««t 

*C to room temperature, under afoJl ! ^' P refe ^ly from 

* the present invention. ^ ** S " y,a,ton ste P <* •» method accord^ 

another embodiment of 
a.^stMhydrooarbylsilyioxymeftyhnuorene ^ T PnSe '* Invention, 
compounds of genera, formula (It a^nT , T^ ' - inclu *« the 

'-cHng a diol c^sp^TlL ^ '-antlon, oan be prepar8d J 



6 



EV327047322US 



In a further aspect, the present inv ntion relates to a . 

v^rein a silicon etner compound m »"*»»*-» of olefins, 

« exton.a, elearon donor oo.pounTto T^TT* " * US9d 

^*™**n or copolymer^ „ ^e p r ^T' ^ ~ * 

( , R) ^\rr"„:rr crssonance(,HNMR >' « 

*>nor compour^a useftl( invention aims to develop novel external electron 

"^^-^ ar9 ^ered to 'oTtT 0 "' C °~*%. 
oompcunds In olefin polymerization and un eX " !mal e,ec,ron *^ 

Produc*. Hoover, the inventors' ^ e fc^ ^r^" 9 
according to the present invent™ i. ..." ™ * nen a si,icon compound 
externa, electron donor compound like cvlht ^ P ° ,ymeriZa,ion current 
-.Bins Its high catalytic aCMty, tT^^^^^^ 
Polypropylene obtained remains Its fecial* ^ ^ '° hy *° 9en ' a "« ■» 
emer compounds according to the ^Tt^Z »* «» — « 

externa! electron donor compounds. are a Cass of highly effectrve 

Embodiments of the Invention 

^ *— ^ — « - « ~ ^ to .a 
P ~-^oxyme,h^ drw ^ ne 

« » . <0.<mot, of Lome^n? ^r r * S ' 9 * ,S ^~y1 )fl uorene 
nomogenec U s.y by ^ ^ ^ Jhe reacbon mixture was admixed 

batch-wise over 2 hours at room tempeJ™ u m " 1eral °" (aimol > added 
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distillation. TTwremalnderwasdilutedwithloOmlofwater^.v. ^ , 

ml of diethyl ether far each time The ™Z ?T extrac,ed ^ing 100 

anh*™, sodium sufct . IT^lZ^JT* ** - S «- - r 

22.8 g of crude. The crude was J25 ^17 ^ ,0 ^ 10 <* ve 

^o^eM-^ro^tl^^" - 3 -ve * 

(d, 2H, Mi). ' ' 2H ' 7 41 <»• 2H . *H). 7-6S (d, 2H, ArH), 7.75 

*~*2 ^^^^^^^^^^ 

* at room ^ ***-"' » ^ **— 

and the organic teyer separated ^ " ™ «Ww was washed with water, 

the filtrate was evaporated to give 1 4 S ° diUm SUlfate ' "* Nation. 

-CH 2 0-,, 3.82 (,. 2M , -CH.O.,, 7.£ (, 2H ^ " ^J"* ( * 3H ' " 0C ^ (a, 2H . 
(d. 2H, ArH). ' ' 744 <t2H,ArH), 7.70 <d. 2H, /W), 7 . 80 

E *amp te3 ^ra.ionofg.g.^^^^^ 

19 of S.S-bisChydroxymethylMluorene r4*™~,n 

<13.2mmo„ was added thereto ThenTjl and " ml * amine 

dropae, and the mixture l^^TX (1,nW °" ~ — 

mixture was washed with water and *t ^ 2 houre - 7119 "action 

anhydrous sodium sulfate. Aftar mjL jZl ^ *~ d was ««- 
concentrate (yield 88%). Ms CEI) ^ ^""^ ""P"** to give 1.,4g of 
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BMmmoo was added thereto After sUmnT £ ^ ' " 0 75 01 •>*» 
ch-c.de (4 . 8mmo)) ^ added d^ril m T eS ' 0 * 

water, and the organle .aver sLra^ « ^ ^ miXtUre " <■» 

™*«on, me ft, J was ZZZTZi T a " hydr0US «*" SU ^ 

M*. 3H. CH,). 3.33 (s, 3H, OCHO , 366 (s a f ru £ ' 0 61 <q ' 2H ' CH *> • 

» » * . ,33 «, 2 , ^T;. ^£r^ ; 

^in^erbat^ andOSZ ^ 2nT ^ ^ ^ ""^ — 
stWna for 5 minute, o M J (6 ' 2nTO " ) «~ «*" After 

«^<^i:i^srtK t ride (5 • 8mmo ' , ,n 10 « 

hours, tottowed by s« rt „ 9 „ ^ J^^*** ™*» Was <* further 2 

dituted w«h 10 m , of water , ^ ^^ J" o TorL h , reaCtt ° n ""^ "~ 
"me. -nne oombined dichtaw*,™ extraot^e ^ ***•»»•■<•» for each 

^/^-•«h e ^.ewasevapo ra ,edtg^C f r a T ydrOUS ™ m ^ 
■*» ' « a *. ArH) , , 67 ( , £ ^ - 7.30 «, 2H, 

'Cowed by a, ^ ,e mp JTrTtorTtT T" ^ 2 

- * tayer grated wis 2 Z^Z 
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filtration, the filtrat was concentrate a «w ^ 

M^SSSS^j - purMed " lumn 

2H, ArH>. 7.71 W 2H , Art* *** 7 52ft 2H ' ™« 

Examp-e 7 Prepared „ Ni.,*^^ yMh(orene 

(6.2^0.) was added te *,T aTT! 0 , 'T ^ ^ " 0,W **» **» 
(M*0 was added drep^se L T ' """"^ 0 91 "* * "-l"* «*** 

end the organic layer eaparated was dried o^r 1TT ™ W-Irt "* 

-> . - «. 2 , ArH) . % T 2 Z, ^ 5 727 a 2H - 

8 Prepay of ^MN-**^^^ 

19 of 9,9-bis(hydroxymethyl)fluorene M4mm«i. 
di * to ^-T heM(uBon ^ - dtssotyad in 20 ml „ 

(IMimO was added thereto Then 1 a m T , ' ^ 19 " «ine 

added drep^tse. and »e JZ^ J^TT™*** <»«™no.) was 

~*n ntixtore was washed v* waT ^l e * " *** 2 h0 ^ ™* 

anhydrous sodture sutfate After ™ ^ *" over 

XMMKMm) ' ^ fiKrat9 — eva ™ to give 1.41g of 

<* 2H. ArH) ,7.67 (d 2H , ArH?" ' * 2H ' ^ ' 7 32 * 2 «' , 
W Preparation of ^m^^^^^ 

* Of ,S-hMhydro W)fluoren9 ^ _ ^ ^ io ^ ^ 
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•hereto. Aft r sBrnng for 5 m^ J? " , ^ "** (1Sn,m< "> *dded 
'crater bath for furtner 4 nours a "d •» m«ture was stirred in 

and exacted twice using 20 ml « ^oTT 7 ^ ** 10 " « ■ 
dichloramethane exrrac was dried "er^T *"' *** K,ne - ^ 

»a«e wa, evaporated to *y to T 71 7 «** ^ ■» 

was obtained by -ow^U ( ^° n ~ ^ 19 W ^ «"* 

H NMR (CDCI^MS) 8 (ppn,) , 000 ( 
3.82 (s, 4H, -CH,0.) , 7.26 (,, 2H , *u> 7 as /, ,u ' ' ° ^ <S ' 18H ' CH *> 
<d. 2H, ArH) . H) ' 7 36 <U 2H ' ■ 7.65 <d, 2H. ArH) ,7.71 

Example 10 ^raiicn of 9,9*is( W e^ lyloxyTO%|)tIuorens 

(13 3mmo„ was added , her e« 0 ^T l m ?TT 1 ' ^ 19 m ' * Weth * «*» 
added drowse, and the mbL ^ ^ ' * I ^7 W * tari * ™™"««> was 
raaction mb,ura was washed w«h w2 ~" ***** " 2 hours. The 

anhydrous sodium sulfate . After ^1,3"" ^ — ° W 

concentrate (yield 87 1%, fl,trate avaporated to give 1.75g of 

<d. 2H, Am) . ^ ' 7 36 a 2H ' . 7 63 Cd, 2H, ArH) ,7.71 

--iir^^ - — * . ml . 

C15mmo,, was added therato. Then^ mlTdimeT ! ^ ^ Z1 " 
-dded drop^e, end the mMura was ^ CWW,<te (133 '™<»> was 

taction mixture was washed with ZrZTJl ba ' h ** **» 2 "our*. The 

anhydrous aodium suifale. A«er fCon 1 IT" — *« ™ 

concentrate (yield 88.2%) ' * TOS v *P°f*ed to give Lgsg „ 
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'HNMR (CDCWTMS) 6 ( ppm ) . 03a(s _ . u . _ 
7.25 (t, 2H, AM) , 735 n « , ' ' 3 88 (S ' 4H ' • 

Preparation of the so.,d catalyst components containing « tan i um 
To a reactor which was completely replaced with N„h „ ... 

<-8g of magnesium chloride, 95m, of to^ne « 2? ' "** 9UCCeSS,ve * 
«*-». Phosphate. The mixture w^aLT^ 7"^' ^ ^ * 
temperaturefcra.Shoursto dissolve the solid JnplZ 2 1 ^ ^ "* * "» 
wee addad thereto and the mixture was hetd TIT * "^alio anhydride 

solution was cooied ,o heiow^c ^ ^ ^ ** 1 ^ T "° 

•hen the reaction was heated sidl^C C dr °^ iSe ° VW 1 h °ur. 

heatino. To me system was adde^ £Z „ T^T, ***** *** *• 

Held at ,he tampered with s„ nTn T^L ^ ^ ^ "* ~ <~ 
•» residua was added 70ml of toluene a^d 1 rem ° Vin9 "* ""P""** *> 

-xing completely. The washing ^ l^TJ" *~ ^ * ' 
Precipitate was treated with 60™, of toluene JZZZZ ^ ^ ""*'« *>.id 
after removing the supernatant the raai T ' CU * 100 ° C for 2 »»ure, and 

a. 100% for 2 hours iT^^TJT ^ ^ ,0 ' Uen9 « ^ ™* 

-« of toluene under b-^T^S^ ^ ^ — «* 
h" times, 60ml of hexane at nomtal temoJT , ^ UnCler b0 * , » 8tate «* 

component containing titanium *"° ' imeS '° yfe,d •» «" catalyst 



Propylene polymerization experiments 



To a 5L stainless steel autoclave which h=n k 

oompletely, were added 2.5mmof of AlEt n 1 , *" h ""W*"* Sas 

<n ahove examples. 10 mg of Z ,^1^7 ~~ 
above, and 0.18MPa hydrogen follow^ , T titanlt «" Peered 

-actor was heated to 70-^ ^^"T^ " ^ *" ^ene. The 
and autogenous pressure ^ ^TZT"."" * temperature 

Pressure was relieV ad, PP r^^ZZ^TT* ^ - «" 
summarized in Table 1. removed - Polymerization results were 
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NO. 


Silicon Ether Compound 


roiymenzatron 

activity 
(kgPP/gcat • h> 


isotacticity 

<%) 


Ml 


1 


Example 2 
9-methoxymethy^^^^ 


30.6 


96.8 


4.02 


2 


Example 3 

_ ?> bfs (trimethylsilvloxymethyl)fluoren6 


25.1 


96.4 


4.32 


3 


Example 5 
9-methoxymethyt-^^^ 

ffuorene 


' 27.8 


98.1 


3.15 


4 


Example 7 
_^thoxymeth^^ 


29.7 


97.8 


2.37 


5 

i 


Example 6 
9-methoxymeth^^ 

_ fluorene 


24.0 

■ . L 


91.5 


2.95 



Comparison of .ho polarization under different hydrogen partia, pressure 

The melt index of the polymers, whioh were obtained under same , 
polymerization conditions as described aboye exceot .J7 " 
hydros added is chan 9 ed to 0. 40M Pa, Tj£L7ZZ " ~ * 

Table 2 



Example 


External Electron donor 


H 2 
(MPa) 


Polymerization Activity 
(kgPP/gcat- h) 


Mi 


Example 2 


9-methoxymethyl-9- 
trimethyfsilyloxymethvl-fluoren* 


0.18 


30.6 


4.02 


Example 2 


9-methoxymethyl-&- 
trimethylsilyloxymethvl-fluorenp 


0.40 


27.8 


16.20 


Comparative 
Example 1 


cyclohexylmethyldimethoxysllane 


0.18 


32.0 


3.0 


Comparative 
Example 1 


cyclohexylmethyldimethoxysilane 


0.40 


40.0 


7.5 
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It can be seen from the results shown in Tahi* o ««* 

donor cmpon „, of o,efln pJZ^ZLSr ] ^ " 9Xtemal »*» 
added, the sllfcon ether compound accZn^ * am ° Un ' * Mro9m 

polymers obtained under the oresent i™**- • 'ncrease of melt index of the 

Comparative Example 2 

Preparation of trimethyl-cyclohexyloxy-silane 

Trimethyl-cydohexyloxy-silane was prepared accord,™ * ^ 

Example 2, except that the raw material Zre^Z ,T ° f 

chloride. 6 Changed as c yc'ohexanol and trimethylsilyl 

not be continued. actor ' and the experiment could 
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